The aim of this study was to assess the effects of a 2-year cluster-randomized physical activity and dietary intervention program among 7-year-old (at baseline) elementary school participants on body composition and objectively measured cardiorespiratory fitness. Three pairs of schools were selected and matched, then randomly selected as either an intervention (n 5 151) or control school (n 5 170). None of the effect sizes of body composition were statistically significant. Children in the intervention group increased their fitness by an average of 0.37 z score units more than the controls (95% CI:20.27 to 1.01, P 5 0.18), representing an improvement of 0.286 W/kg. Boys had higher fitness (mean diff 5 0.35 z scores, 95% CI: 0.13-0.58, P 5 0.001) than girls, independent of study group, fitness z score at baseline and body mass index. Post hoc analysis showed that the intervention school with the highest fitness z score change was significantly different from two of the lowest control schools (mean diff 5 0.83 z scores, 95% CI: 0.44-1.21, P < 0.0001 and mean diff 5 0.70 z scores, 95% CI: 0.29-1.10, P 5 0.01), but it was also significantly different from the lowest intervention school (mean diff 5 0.59 z scores, 95% CI: 0.19-0.99, P 5 0.05). The results of this intervention are inconclusive as regards to the effects on fitness, but the intervention did not have any statistically significant effect on body composition.
Introduction
The rate at which results from school-based physical activity and dietary intervention studies are published has rapidly increased in the last few years [1, 2] . The primary reason for this growing body of literature is the increase in the number of intervention studies carried out as a response to the public health threat posed by childhood overweight and obesity. Although recent studies and reports from the United States [3] , Scandinavia [4] and Iceland [5] point out that the childhood overweight and obesity epidemic may have stabilized in the past 5-10 years, the prevalence of overweight and obesity remains too high. Another reason for the researchers' keen interest in developing sustainable ways to increase physical activity is the alarming secular decline in aerobic fitness of children and adolescents reported from the same regions and Australasia [6] [7] [8] [9] . Moreover, the link between children's fitness and fatness seems to be evident as studies have shown a negative association between young children's fitness and both overall and abdominal fatness [10] [11] [12] . Both physical inactivity and low fitness have also been shown to be associated with increasing prevalence of various health-related risk factors in children [13, 14] . Also, low physical activity in childhood has been shown to track into adulthood [15] . Thus, preventing the decline in children's fitness by increasing physical activity, or better yet reversing this downward trend, would likely have a positive impact on public health in the future.
The school setting has gained broad appeal as the primary venue for the implementation of childhood lifestyle intervention because of the accessibility to the majority of children of school age [16, 17] . Yet, the diverse methodologies and settings used have produced conflicting evidence as to whether these interventions were effective in either reversing the upward trend of overweight and obesity [18] or increasing children's fitness and physical activity [1, 2] . The goal of the study described herein was to implement a progressive school-based intervention at the class level where regular teachers conducted the primary intervention. As published elsewhere [19, 20] , we successfully increased physical activity during school hours and improved the daily diet of the participants in the intervention schools. The primary aim of this paper was to assess the effects of this 2-year intervention program among the 7-year-old (at baseline) elementary school participants on: (i) body composition and (ii) objectively measured cardiorespiratory fitness. The secondary aim was to observe the relationship between the change in cardiorespiratory fitness over time and the change in body fat.
Methods

Study design and participants
The study was designed as a progressive 2-year cluster-randomized intervention trial. Three pairs of schools in the city of Reykjavik were selected and matched on size, i.e. number of students and total number of grades. One of each school in a pair was randomly selected to serve as an intervention school and thus the study included two groups with three intervention schools and three control schools. All children attending second grade (born in 1999) were invited to participate and to hand in a written parental consent form (signed by either parent and the child) before the first measurement sessions in the fall of 2006. This Icelandic study population consisted primarily (about 97%) of native children (Caucasian-white). Figure 1 shows the number of participants in each component of this study. In the intervention schools, the program started immediately following baseline measurements where all the children received the intervention, regardless of whether they consented to undergo physical measurements. The intervention focused on two major components of healthy lifestyle; physical activity through playful learning and healthy diet for all. The implementation of this study was approved by The National Bioethics Committee and the Icelandic Data Protection Commission (VSN b200605002&03).
The intervention
The intervention primarily focused on increasing physical activity during school hours and promoting healthy dietary habits, both at school and at home. It was a teacher-led daily implementation of various intervention tactics, which were introduced and discussed during bimonthly meetings led by the research team. During these meetings, the researchers, the teachers and principals of the participating intervention schools exchanged on ideas and updates of the intervention progression. Our implementation approach was aimed at both encouraging teachers to perform physical activity with their students and to build their necessary skills to become the implementers of change needed to positively affect the children's lifestyles. This approach was intended to serve as the bridge between theory (social cognitive theory [21] ) and intervention effects. This was done by offering physical activity and dietary experts, teachers and headmasters of the participating schools a platform for dialog and reflection to work toward optimizing the integration of intervention at school. The different components of the intervention have been described in detail elsewhere [19, 20] , along with an assessment of the 2-year-change in physical activity and dietary intake of the participating children. In brief, the physical activity intervention was progressive in nature where general teachers Intervention effects on body fat and fitness implemented much of the intervention strategies and methods and integrated physical activity into the diverse subjects of the curriculum to the best of their ability. This included more frequent outdoor teaching, organized fieldtrips, promotion of active commute to and from school, one extra physical education (PE) lesson per week (three 40-min sessions per week instead of two compulsory 40-min sessions at the control schools) and more. Each of the three schools received a physical activity and nutritional teaching kit which comprised books, Digital Versatile Discs (DVDs) and equipment to use both inside the classroom and for outdoor play at their will. As the intervention implementation was at the class level, all children in each intervention class were exposed when attending school. School attendance is generally very high in Iceland and the primary reasons for children missing school are because of illnesses or occasional blizzards during the winter months. The teachers held a log-book which they used to keep track of all the different activities they performed with the children during each week of the 2-year intervention period which was used to estimate the progression of the intervention throughout the study period [19] . The dietary intervention aimed to have positive impact on dietary knowledge, awareness, preferences/taste, self-efficacy and parental influence. Nutrition education material was developed for the intervention and implemented during the latter intervention year in collaboration with teachers of the intervention schools. The main focus of the dietary intervention was on fruit and vegetable intake as the children's intake at baseline was far from meeting national food-based dietary guidelines on fruit and vegetables [20] . The teachers in the control schools knew that they were a part of an intervention study but were in no contact with the research team except during the measurement periods. Gifts were given to all children in the intervention and control schools in the form of backpacks in the fall of 2007 and athletic T-shirts at the end of the intervention period in 2008. No other incentives for participating in the study were offered to the children or the teachers in any of the schools. 
Outcome measures of body composition, cardiorespiratory fitness and background variables
Height (cm) and weight (kg) were measured to the nearest 0.1 using standard procedures allowing for the calculation of body mass index-BMI (kg/m 2 )-for each child. Pre-and post-intervention body fat percentage was assessed with a dual energy x-ray scan (DEXA) ran by the same licensed radiologist at Landspitali-University hospital in Reykjavik, Iceland. Cardiorespiratory fitness (W/kg) was measured with a Monark ergometer bike using the study protocol from the European Youth Heart study [14] . This maximal ergometer test is run such that every 3 min the weight on the wheel is increased by 20-25 W, depending on the participant's weight. Each participant keeps a steady pace on the bike until exhaustion or until he or she can no longer keep a steady pace. One trained individual performed all fitness assessments both pre-and post-intervention. This person used the same verbal encouragement technique on all participants to motivate them during the test. Background variables such as parental education and measure of family income were collected pre-and post-intervention via questionnaires. Parents were asked to report their highest degree of education and to report the total family income, which was categorized into three main groups of low, middle and high income based on Icelandic reference values [22] .
Data analysis
We used R (version 2.11.1, http://www.r-project. org/) to run mixed linear regression analyses to compare the measurements of the intervention and control groups, adjusting for the clustering structure of the data at the school level. We calculated z scores for all dependent variables at pre-and post-measurements based on gender. The primary outcome measurements were cardiorespiratory fitness (W/kg), BMI, sum of five skinfolds (mm), waist circumference (cm), lean body mass (kg) and fat mass (%). The post z scores were treated as dependent variables and group and gender as fixed factors, school as a random effect and the respective z score for the baseline measurements as a covariate. We calculated the intra-class correlation to compare the variation between schools as a fraction of the total variance. Thus, adjusted differences in z scores, post-intervention, were reported as the intervention effect for any given outcome measure. Analysis of covariance (ANCOVA) was used as a secondary post hoc analysis to observe the fixed effects for schools. Tukey's multiple comparison post hoc test was performed following the ANCOVA to test statistical difference in the outcome measures between all six schools. Finally, we used multilevel regression analysis to assess the association between the 2-year change in cardiorespiratory fitness and change in body fat. The 2-year change in cardiorespiratory fitness z score was the dependent variable in this model with 2-year change in body fat percentage z score as our primary independent variable, adjusting for group status and gender. The school was treated as a random factor.
Initially, the study was powered to detect a medium effect sizes (0.25 SD units) of any of the outcome measures (BMI, skinfolds, waist circumference, percentage lean mass, percentage fat mass and cardiorespiratory fitness) with 80% probability, using ANCOVA to compare the post-intervention measurements adjusting for baseline, but not taking the clustering within schools into account. The sample size estimated was 175 children at the end of the study period. We assumed a 75% participation rate and due to the length of the study we assumed an attrition rate of about 20%. Thus, to achieve an acceptable sample size, all 321 children from six schools were offered the opportunity to participate in order to provide sufficient power to test the null hypothesis. Level of significance in the study was 5% (a = 0.05). Figure 1 shows the sample size information throughout the study for the primary outcome measures. The characteristics of the study population at baseline are shown in Table I . No statistical differences were observed between intervention schools and control schools at baseline, except the intervention school Intervention effects on body fat and fitness children had on average 0.43 lower BMI z scores than the children in the control schools (95% CI: À0.94 to 0.08), adjusted for school clustering. Children with only one measurement (either baseline or post-intervention) did not differ from the remaining children in terms of primary outcome variables at either of those time points (data not shown). No statistical differences between the two study groups comparing median family income were observed (data from questionnaires in 2006 and 2008). However, only about half of the study population answered the specified question concerning family income. Table II shows the results of the body composition outcomes at baseline and at the end of the intervention period for both study groups. The effect sizes were in all cases small except for BMI where the adjusted difference at baseline was 0.31 SD units, although this difference was not statistically significant. Children in the intervention group increased their cardiorespiratory fitness by an average of 0.37 z score units, representing an improvement of 0.286 W/kg, yet these results were not statistically significant (95% CI: À0.27 to 1.01). The analysis of the maximum heart rate values during the physical test at baseline yielded no statistical difference between the study groups (n 0.9 bpm, 95% CI: À5.2 to 7.0). At the end of the study, similar analysis showed a statistical difference of n 3.5 bpm (95% CI: 0.3-6.7), favoring the intervention group. Overall, boys had higher cardiorespiratory fitness (mean diff = 0.35 z scores, 95% CI: 0.13-0.58) than The lowest category for income was total family salary of ISK 280 000-369 000, which is about twice the minimum wage (ISK 153 000) for an individual as determined by confederation of trade unions in Iceland. 
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girls, independent of study group, fitness z score at baseline and BMI. The differences in mean cardiorespiratory fitness z score change over time between the study schools is depicted in Fig. 2 . The results from a post hoc analysis showed that the intervention school with the highest fitness z score change was significantly different from two of the lowest control schools (mean diff = 0.83 z scores, 95% CI: 0.44-1.21 and mean diff = 0.70 z scores, 95% CI: 0.29-1.10), but it was also significantly different from the lowest intervention school (mean diff = 0.59 z scores, 95% CI: 0.19-0.99). Finally, the intervention school, which fell in the middle of the fitness z score change, was significantly different from the lowest control school (mean diff = 0.66 z scores, 95% CI: 0.29-1.03). The data were analyzed to test not only the difference in means but also to test differential effects of the intervention within subgroups by quartiles. Those results (not reported here) did not suggest that the intervention was more effective for children who were less fit at baseline compared with those who were more fit. Figure 3 shows the negative relationship between change in cardiorespiratory fitness z score and change in body fat z score over the 2 years. For every 1 SD unit change in body fat percentage the change in cardiorespiratory fitness SD units decreased on average by 0.66 (95% CI: 0.35-0.96), adjusted for gender (95% CI: À0.04 to 0.45), group (95% CI: À0.54 to 1.16) and school clustering.
Discussion
This cluster-randomized controlled trial, that successfully increased physical activity during school hours [19] and improved dietary habits both at school and at home [20] , did not yield any significant effects on body composition. The results focusing on the improvements of cardiorespiratory fitness are perhaps more difficult to interpret, although they give an indication of possible intervention effects in two of three intervention schools. However, this study did provide evidence of a negative association between change in fitness and Intervention effects on body fat and fitness change in percent body fat mass over time in 7-year-old children.
A detailed description of the intervention program has been published elsewhere [19] . A subjective assessment of children's opportunity to be physically active during school hours within the intervention schools before the implementation of the intervention indicated that the teachers spent on average 37 min doing some type of physical activity with their students. However, during the most active month of the intervention implementation, the teachers reported spending on average about 70 min every school day doing some type of physical activity with their class. The results further suggest that physical activity dropped somewhat at the end of the intervention period during the fall 2008 measurements. Similarly to the above, objective assessment of physical activity by accelerometers after 1 year of intervention showed that the median of moderate-to-vigorous physical activity during school hours had increased for boys from 45 to 64 min, and for girls from 30 to 39 min. Median of total physical activity during school hours increased for boys from 830 cpm (counts per minute) to 1084 cpm and for girls from 642 cpm to 715 cpm. It was concluded that that children in the intervention schools were more active than children in the control schools after 1 year of intervention but not at the end of the intervention period.
The lack of intervention effects for BMI or any of the other body composition outcome measures are much in line with results from most school-based physical activity and dietary interventions [1, 18, 24] . Two recent studies have nevertheless shown promising results [25, 26] . Although a recent review of overweight and obesity treatments in children points out some positive advancements in behavioral therapy in the past few years, the authors realize that the long-term effectiveness of treatments is still scarce and inconclusive [27] . Harris et al. [18] proposed three possible mechanisms explaining the lack of effect in many of the intervention studies. Firstly, that the 'dose' of physical activity achieved was insufficient to alter children's BMI, either due to a lack of quantity in the intervention or adherence of the participants in the intervention. Secondly, the possibility that there may have been a small effect in a subset of participants, but this effect was perhaps attenuated in the assessment of the entire study population. Lastly, they contemplated the possibility that physical activity may have relatively little influence on body composition compared with dietary intake. It should be recalled that the intervention reported herein was a combination of physical activity and healthy dietary habits, yet there were no observed effects on body composition. Nonetheless, the aforementioned mechanisms apply and may have played an important role in explaining the lack of intervention effect. In addition, cross-sectional studies have generally shown weak association between physical activity and body fat in children [11, 12, [28] [29] [30] , partly due to the crude nature of the physical activity measurements [31] . The relative BMI change in the intervention group was less favorable (although not statistically) than in the control group. However, the effects of the intervention on changes in lean mass and fat percentage, which are much more accurate estimates of body composition than BMI, do not show the same trend. Therefore, despite significant positive changes in healthy food intake and Fig. 3 . Depiction of the relationship between change (z score) in physical fitness and body fat percentage over a 2-year period. The Pearson's correlation coefficient for the association between these variables was r = À0.33.
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an increase in physical activity during school hours after 1 year of intervention with a subsequent increase in physical activity during school hours throughout the latter intervention year [19, 20] , the intervention was not enough to significantly affect any of the body composition outcome measures.
Cross-sectional epidemiological studies have shown that physical activity is positively associated with aerobic fitness in children although the strength of the relationship is generally weak [11, 28, 30, 32] and others have failed to confirm this relationship in 9-year-olds [12] . Several researchers have concluded that prepubescent children may be less adaptive to endurance training than adolescents and adults [12, 33, 34] . This lack of training effect could be explained by high physical activity and relatively high aerobic power in children, i.e. ceiling effect [33] . As overweight and obese children tend to have lower aerobic fitness than normal weight children [10] [11] [12] , the effect of increased physical activity can therefore be expected to be higher in these children. Several school-based physical activity studies have not shown any effect on children's fitness levels [35, 36] , which is likely due to interventions that lacked time during school hours of intense physical activity. However, some studies have shown that with an intensive training stimulus, prepubescent children show improvement in maximum aerobic power compared with control children of same maturation [34, 37, 38] .
Physical activity has been shown to not only affect cardiorespiratory fitness but also muscular fitness in adolescents [39] . Physical activity may also affect physiological variables like exercise economy (motor development) and anaerobic (lactate) threshold without significantly changing peak oxygen consumption [37] . Although, the cardiorespiratory fitness test used in this study is highly predictive of peak oxygen uptake (cardiorespiratory fitness), the outcome is slightly affected by exercise economy and lactate accumulation [40] . There may be several explanations for the significant increase in maximum heart rate among the intervention schools in our study. First, a higher maximum heart rate indicates that the children in the intervention schools were more resilient during the fitness test than the children in the control schools. A probable reason for it not resulting in more peak workload is a lack of statistical power. The reason for higher resilience may be due to a higher anaerobic threshold, more muscular fitness or familiarity with the research personnel. In this regard, the measurement of cardiorespiratory fitness with this method may be affected by other indicators of physical fitness such as muscular fitness and motor skills.
The results from the cardiorespiratory fitness test suggest differential intervention effects between the three intervention schools as the physical activity intervention may only have significantly improved cardiorespiratory fitness among children in two of the three intervention schools. One possible explanation for these results was the fact that the school whose children did not change much over the 2-year period had on average relatively high fitness level at baseline, compared with the other five schools. Thus the room for improvement was perhaps lower than for the intervention school whose mean cardiorespiratory fitness level was low in comparison with others. Another factor that may have contributed to the lack of effect in this school was the relatively high teacher turnover rate at the school for the classes involved (e.g. maternity leave and teachers assigned to different classes by the school authorities), which may have affected the effectiveness of intervention implementation, as pointed out elsewhere [19] . Furthermore, two teachers out of the three who started the intervention implementation at the school that increased the children's fitness the most, worked with the children up until the month of May 2008 (nearly 2-year time). That was the longest stretch of time any two or more teachers implemented the intervention at any of the three intervention schools. Another potential reason for the differences between schools may have been that the intervention school with the largest increase in fitness was the school that had children with the lowest fitness at baseline, possibly introducing greater potential for improvement over the 2-year intervention period.
Our findings suggest that although school-based physical activity may have been significantly increased during school hours in this study [19] , it Intervention effects on body fat and fitness was not enough to result in an increase in cardiorespiratory fitness in all three intervention schools. Nevertheless, a 2-year-school-based physical activity intervention program in Norway increased the cardiorespiratory fitness (peak oxygen uptake directly measured) in 9-year-old children at postintervention [38] . The intervention had a differential effect on cardiorespiratory fitness contrasting those who had low versus high fitness at baseline and concluded that the children who initially had low fitness benefited more from the intervention than children who had higher fitness levels initially. The intervention included 60 min of daily moderate intensity physical activity in PE lessons and was implemented at only one school while another school served as control. Another, and perhaps more comparable study to the one present herein, also showed a marginally significant increase (P = 0.04) in cardiorespiratory fitness by a one schoolyear intervention in a clustered randomized controlled trial [26] . This intervention was based on socioecological conceptual model within nine intervention schools and six control schools. Cardiorespiratory fitness was tested by the 20-m shuttle run test [41] . This test is a maximum power-output test, as was the test used in the present study, and is thus also slightly influenced by economy and lactate accumulation. The effect size in this study was similar to that in the present study (adjusted improvements were 5 versus 6%, respectively) but had more statistical power. The present study which included three intervention schools and three control schools, showed the effect on cardiorespiratory fitness to be clustered among schools. Two of the intervention schools increased their fitness significantly more than the control school that showed the least change in fitness. Relative total fat content of the body is highly associated with aerobic fitness in children [12, 42] . This strong association is confirmed in our study as there is a relationship between changes in body composition and changes in fitness.
Strengths and limitations
The primary strengths of this study were the length of the intervention period (2 years), the objective measurements of cardiorespiratory fitness and body composition via DEXA scan and all measurements were conducted by the same trained personnel pre-and post-intervention. Since the model for this intervention depended on the teachers to implement the intervention, we must consider the relatively high teacher turnover rate in two of three intervention schools as one of the main weaknesses of this study. The reasons for this turnover rate have been discussed elsewhere [19] and were unlikely to have been the result of the study itself.
Perspectives
The results of this intervention are inconclusive as regards the effects on cardiorespiratory fitness, but the intervention does not seem to have had any effect on body composition. However, those whose body fat percentage increased over the study period were more likely to decrease in fitness, irrespective of study group. These results highlight the complicated task at hand for those who aim at positively affecting these parameters among children within the school environment where teacher's ambition and interest in healthy lifestyle is of great importance. From these results and previously reported physical activity data [19] , we hypothesize that future intervention programs may need to be more aggressive when it comes to promoting intense physical activity via school-based interventions in order to positively impact cardiorespiratory fitness or body composition.
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